Background. Hepatitis C virus (HCV) infection is a leading cause of cirrhosis and the primary cause of liver transplantation in the United States, and coinfection with human immunodeficiency virus (HIV) increases the risk of comorbidities. However, healthcare utilization (HCU) patterns among HIV/HCV-coinfected patients are poorly understood. This study compared the rates of HCU and reasons for hospital admission among HCV-infected, HIV-infected, and HIV/HCV-coinfected veterans.
Hepatitis C is the most common blood-borne infection in the United States, affecting approximately 3 million people [1, 2] and accounting for an estimated $6.5 billion dollars in healthcare costs [3] . The majority of these costs are due to liver disease associated with chronic infection [4] , although the costs of liver transplant and primary liver cancer also contribute. Hepatitis C virus (HCV)-associated mortality has increased in the past decade [5] , and modeling studies suggest that the prevalence of HCV-related cirrhosis and hepatocellular carcinoma will peak between 2020 and 2030 [6] , leading to an estimated societal cost of $6.4-$13.3 billion [3] .
It has been previously demonstrated that human immunodeficiency virus (HIV) coinfection is associated with an increased risk of severe liver disease in patients with HCV [7] . Human immunodeficiency virus is an independent risk factor of progression to cirrhosis in these patients, and it leads to shorter survival after hepatic decompensation [8] [9] [10] . Highly active antiretroviral therapy (HAART) does not fully mitigate this effect [11, 12] . Analyses from the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study, which prospectively evaluated 308 719 person-years of follow-up in HIV-infected persons, suggest that liver disease is a leading cause of death among HIV-infected persons, and that these deaths are largely associated with hepatitis B or C coinfection [13] .
Human immunodeficiency virus/HCV coinfection carries morbidity and mortality risks independent of liver disease, and it is associated with a higher risk of insulin resistance, diabetes mellitus, and renal disease than HIV infection alone [14, 15] . Studies examining HIV-infected and HIV/HCVcoinfected patients suggest that these nonliver-related comorbidities, as well as psychiatric/substance use disorders and non-acquired immune deficiency syndrome (AIDS)-associated infections, may be major contributors to healthcare utilization (HCU) [16] [17] [18] .
Descriptive studies suggest that HIV/HCV-coinfected patients are accessing the US healthcare system more frequently than ever before, leading to higher rates of hospitalization, emergency department (ED) visits, and disability days [19, 20] ; while other data suggest decreasing hospital admission rates in HIV-infected and -coinfected patients and increasing rates in the HCV monoinfected [21] . The reasons for changes in utilization are poorly understood. The Department of Veterans Affairs (VA) is the single largest provider of care for HCV-infected veterans in the United States, with over 350 000 veterans in this cohort, and is uniquely positioned to address this issue.
Our aim was to compare rates of HCU and reasons for hospital admission among HCV-infected, HIV-infected, and HIV/ HCV-coinfected veterans. We were specifically interested in rates of ED and outpatient visits, rates of inpatient admission, and primary discharge diagnoses associated with hospitalization among the 3 groups.
METHODS
We examined utilization trends from January 1998 through December 2009 using the Clinical Case Registry (CCR). The CCR is a national database of over 60 000 HIV-infected and 320 000 HCV-infected veterans that includes electronic medical record data on diagnosis codes, laboratory results, medications, and procedures. The specifics of identification and validation of HIV-and HCV-infection status have been described previously, and coding is provided in Supplementary Table 1 [22] . Veterans entered cohort with first evidence of any interaction in VA system. Our study period spanned an 11-year period following the widespread availability of HAART. Institutional review board approval was obtained from the local Veterans Administration before accessing CCR data.
Outcomes and Endpoints
Measures of utilization included ED visits, outpatient visits, and hospital admission. Reason for admission was identified by International Classification of Diseases, Ninth Revision codes for primary discharge diagnoses; only primary diagnoses were used for purposes of analysis. Diagnosis groups were created a priori, including the following: cardiovascular disease (CVD); central nervous system; cancer, not including HIV-associated cancers; diabetes; endocrine; gastrointestinal (GI), not including liver disease; hematologic; hepatitis C infection and associated liver disease (HCV); HIV-associated diagnoses (HIV); infection, not including AIDS-associated infection; other liver disease (including alcoholic, hepatitis B virus [HBV] , autoimmune); psychiatric/substance abuse; pulmonary; renal; trauma; and other. We used the 1993 Centers for Disease Control and Prevention classification system for HIV infection to determine which diagnoses were AIDS-related. These included AIDSdefining illnesses such as Pneumocystis jiroveci pneumonia and Mycobacterium avium complex, as well as HIV-related infections such as recurrent pneumonia, herpes zoster, candida, tuberculosis, and lymphoma.
Statistical Analysis
Yearly rates of ED visits, outpatient visits, and hospital admission ( per 1000 persons) were calculated for HCV-infected, HIV-infected, and HIV/HCV-coinfected cohorts. To test for temporal trends in admission rates and differences in rates between the HIV and HCV groups, we fit linear trend models for each encounter type, allowing for different intercepts and slopes for HCV-infected, HIV-infected, and HIV/HCV-coinfected patients. For hospital admissions, the proportion of admissions attributable to each prespecified diagnosis group was calculated. Negative binomial regression models were used to assess risk factors independently associated with the outcomes including gender, race, ethnicity, age, body mass index (BMI), calendar year, CD4 nadir, and detectable viral load. These models used a repeated measures formulation by calendar year with the generalized estimating equations method [23, 24] to adjust variance estimates for clustering defined by individual veteran. The 95% confidence intervals (CIs) for rate ratios were constructed using a normal approximation. Due to the large size of the study cohort, P values have very limited utility. Reporting of results will focus on clinically meaningful differences rather than statistical significance, and statistical significance, defined as P < .05, can be assumed for all reported differences unless otherwise noted. Analyses were performed with SAS version 9.4 (Cary, NC).
RESULTS

Cohort Description
From 1998 to 2009, the CCR identified 335 371 veterans with HCV infection, 28 179 with HIV infection, and 13 471 with and HIV/HCV coinfection. These cohorts were mutually exclusive. Table 1 demonstrates the demographic characteristics of each group. All 3 cohorts were predominantly male. Cohorts were similar in terms of median age, with highest median age occurring in the HCV cohort. The cohorts differed in terms of race and ethnicity. The coinfected cohort contained the largest percentage of black veterans (46.8%, compared with 24.0% and 35.3% in the HCV and HIV cohorts). The HIV cohort had more missing data on race (28.2%, compared with 26.2% and 26.1% in the HCV and coinfected cohorts). Median fibrosis 4 score ranged between 1.3 and 2.0 and was lowest for HIVmonoinfected patients and highest in the coinfected cohort. CD4 count and nadir CD4 count were similar for the HIVmonoinfected and in the coinfected cohorts.
Rates of Healthcare Utilization Figure 1 demonstrates rates of outpatient visits, inpatient admission, and ED visits among the 3 cohorts. For all cohorts, utilization rates of ED and outpatient services increased across the study time period while inpatient admission rates remained relatively steady. The HIV/HCV-coinfected veterans used healthcare services, for all service types, at higher rates than HCV-or HIV-monoinfected veterans. For ED and inpatient services, the HIV cohort had the lowest rates of utilization. Outpatient utilization rates were lowest for the HCV cohort. The median number of admissions was 1, 2, and 4 for HCV, HIV, and coinfected patients, respectively. Those in the 90th percentile and higher for numbers of admissions (ie, the top 10% of admissions) accounted for 47%, 39%, and 40% of total admissions in these groups, respectively.
In the final year of observation, cohorts used ED services at a rate of 894 visits/1000 persons (HCV), 763 visits/1000 persons (HIV), and 1307 visits/1000 persons (coinfected); outpatient services at a rate of 8552 visits/1000 persons (HCV), 9118 visits/1000 persons (HIV), and 11 879 visits/1000 persons (coinfected); and inpatient services at a rate of 391 visits/1000 persons (HCV), 283 visits/1000 persons (HIV), and 572 visits/1000 persons (coinfected).
There were significant time trends in utilization over the study period. Emergency department visits increased by 43 per 1000 persons for HCV patients, 41 per 1000 for HIV patients, and 69 per 1000 for coinfected patients, all were significant (P < .05). The rate of increase was statistically different for the coinfected group compared with the others, whereas the increases were not different comparing HIV and HCV patients. Outpatient visits also increased significantly by 266 (HCV), 234 (HIV), and 355 (coinfected) per 1000 persons. Again, the coinfected group had a significantly higher rate of increase than the monoinfected patients. Hospital admissions showed much smaller but significant trends over time, increasing by 2.5 per 1000 persons for HCV patients, but decreasing by 1.5 (HIV) and 1.0 (coinfected) per 1000 patients per year. After decreasing from 1998 to 2006, the rate of admissions appears to have increased for HCV patients in the last several years of follow-up ( Figure 1B ).
Reasons for Admission
The primary discharge diagnoses associated with inpatient admission for each cohort is summarized in Figure 2 . Psychiatric disease and/or substance use was the most common discharge diagnosis for all groups, accounting for 41.0% of total inpatient admissions. Cardiovascular disease, non AIDS-associated infection, and GI disease (excluding liver disease) were all common discharge diagnoses and accounted for an additional 29.3% of total admissions. Hepatitis C virus-associated diagnoses and liver disease accounted for approximately 3.9% of total admissions, whereas AIDS-associated infection was not a common reason for admission and accounted for less than 1% of all admissions.
Within the HCV-infected cohort, leading discharge diagnoses were psychiatric (42.0%), CVD (12.3%), infection (9.9%), GI (7/2%), and trauma (6.2%), with combined liver and HCV diagnoses making up 4.2% of admissions. In the HIV-infected cohort, psychiatric (24.3%), infection (17.7%), cardiovascular (14.0%), GI (9.4%), and AIDS-associated diagnoses (2.5%) were the most frequent reasons for admission. Among coinfected veterans, psychiatric (39.0%), infection (16.4%), CVD (9.2%), GI (7.5%), and trauma (4.7%) diagnoses made up the majority of admissions. Combined liver/HCV-associated diagnoses and AIDS-associated diagnoses accounted for 3.3% and 1.5% of the coinfected admissions, respectively. Table 2 shows risk factors associated with inpatient admission, based on negative binomial regression modeling. Before 2004, a large percentage of race and ethnicity data was missing from the CCR database. These data were considered missing at random.
Modeling Risk of Admission
To address concerns about missing data, negative binomial models were constructed both for the 2004-2009 time period ( Table 2 ) as well as for the entire study period (data not shown).
Inferences from the 2 sets of models were similar, although the large proportion of missing race/ethnicity data, particularly for those veterans with data only for the 1998-2003 period, caused overestimates of the relative admission rates for calendar year trends.
Female gender was associated with a lower rate of admission in the HCV cohort (adjusted relative rate, 0.83; 95% CI, .79-.87); however, this association was not seen in the HIV and coinfected cohorts ( Table 2) . Compared with BMI 20-25 kg/m 2 , BMI less than 20 was associated with a higher relative rate of inpatient admission across all cohorts: HCV-infected (adjusted relative rate, 1.35; 95% CI, 1.31-1.38), HIV-infected (adjusted relative rate, 1.57; 95% CI, 1.45-1.70), and coinfected (adjusted relative rate, 1.29; 95% CI, 1.19-1.41).
Older age was negatively correlated with admission rate in the HCV cohort, positively correlated in the HIV cohort, and was not associated in the coinfected cohort. Black race was associated with increased rate of hospitalization among the HIV-infected (adjusted relative rate, 1.23; 95% CI, 1.15-1.31) and coinfected cohorts (adjusted relative rate, 1.09; 95% CI, 1.01-1.18), although not in the HCV-infected cohort. In the HCV and HIV groups, the rates of inpatient admission showed a small but significant correlation with later year in the study period, adjusted for aging.
Among HIV-infected and coinfected veterans, low nadir CD4 count and detectable viral load were both associated with increased inpatient admissions. In the HIV-infected cohort, relative to nadir CD4 count ≥500 cells/mm 3 , nadir CD4
counts of <50 were associated with the greatest increase in relative admission rate (adjusted relative rate, 2.45; 95% CI, 2. Abbreviations: BMI, body mass index; CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus; RNA, ribonucleic acid; RR, relative risk.
(adjusted relative rate, 1.30; 95% CI, 1.07-1.58) were associated with increased rates of hospitalization.
DISCUSSION
It has previously been demonstrated that HIV/HCV-coinfected persons utilize the healthcare system at a higher rate than either HCV-or HIV-monoinfected veterans. This study sought (1) to quantify rates of HCU of ED, outpatient, and inpatient services in a large-scale health system over a period of 11 years and (2) to determine the medical diagnoses and independent risk factors that drive inpatient admissions in these high-risk veteran populations. We found (1) that HCU in the VA healthcare system is increasing for all chronically infected groups and (2) that the primary reason for inpatient utilization is related to psychiatric disease and substance use. Although ED and outpatient utilization rates are increasing for all groups, the HIV/HCV-coinfected cohort had the highest rates of HCU for all locations throughout the study. This comes in contrast to a recently published study looking at outpatient HCU using data from 2005 to 2010 US National Hospital Ambulatory Medical Care Surveys (NHAMCS), which found that outpatient visit rates were highest among HIV-monoinfected patients, followed by coinfected, and then HCV-infected [25] . The NHAMCS study is based on a sample of ambulatory care centers that excludes federal, veteran affairs, and institutional hospital clinics, and their findings may reflect differences in retention of care among HIV-infected patients within the VA system, which provide comprehensive HIV treatment with few out-of-pocket costs to the patient. Our study also demonstrated that utilization rates for the outpatient visit, by far the most common healthcare service accessed by veterans, were lowest for the HCV cohort, in keeping with previous observations [25] . It is possible HCV-infected veterans are less likely to be engaged in regular outpatient follow-up, have fewer comorbidities requiring additional follow-up, or are more medically stable thus requiring fewer frequent visits. For ED and inpatient services, the HIV cohort had the lowest rates of utilization, perhaps reflecting access to comprehensive HIV treatment and care provided by the VA system. Our findings demonstrate stability of inpatient admission rates across the study period, for all cohorts. This could be related to the changing epidemiology of morbidity in HIV-infected persons in particular but also may reflect better access to outpatient services, including outpatient mental health services and antiretrovirals [26] . It is worth noting that despite increased access to outpatient care in this population, hospitalization rates did not decline during the period of study follow-up.
Factors independently associated with inpatient admission included BMI of less than 20, black race (HIV and coinfected cohorts), detectable HIV viral load, CD4 nadir <350 (HIV infected) and <200 (HIV/HCV coinfected), and older age (HIV infected). Female sex and older age were both negatively associated with risk of hospitalization in the HCV-infected cohort. The association between age and decreased risk of hospitalization in the HCV-infected cohort is intriguing, and it could reflect care received outside the VA system due to availability of Medicare in older veterans. Hispanic ethnicity was not an independent risk factor for admission, consistent with prior reports from the Veterans Aging Cohort Study [27] .
A principle finding of this study relates to reasons for inpatient admission among HCV-infected, HIV-infected, and coinfected patients. Prior studies have not been consistent in demonstrating the primary diagnoses that drive inpatient utilization. One cohort study of HIV-infected military personnel between 2000 and 2013 found that non-AIDS-defining infections were the most common cause of hospital admission [16] . Other studies suggest that AID-related diagnoses, non-AIDS-related cancers, and liver disease account for the majority of deaths in HIV-infected persons during a similar time period [13] . Among HCV-infected persons, a longitudinal study that examined trends in inpatient utilization among HCV-infected patients from 2004 to 2011 found that HCV-infected patients hospitalized for any cause had a higher prevalence of mental illness, substance use disorder, chronic kidney disease, pneumonia, HBV infection, and HIV infection than those without HCV infection [18] . Our findings demonstrate that the majority of inpatient admissions, among all cohorts, are due to conditions other than liver disease. It is worth noting that liver disease accounted for less than 4% of admissions in the HCV-monoinfected veterans and 3% in HIV/HCV-coinfected veterans. For all groups the primary indications for inpatient admission were psychiatric and substance abuse disorders. Recognizing the high rates of psychiatric disease including posttraumatic stress disorder in veterans, this may explain the differences in reporting with other large cohorts. This finding is relevant to resource allocation within the VA system, including confirming the need to increase access to mental health services. It is also worth noting that clinicians often wait for stabilization of psychiatric disease before treatment of HIV and HCV, which may result in a delay in access to therapies for these diseases, including direct-acting antivirals.
Other major contributors to inpatient admission, for both HCV-and HIV-infected veterans, included CVD and non AIDS-associated infection, not dissimilar from the diagnoses driving admissions in the general population [28] . This finding supports the need for good access to primary care in the HCV and HIV populations, with attention to appropriate age-based preventative care. This is particularly important in light of the recent data suggesting these veterans are less likely to receive appropriate guideline-recommended therapy for primary CVD prevention [29] .
The present study has multiple strengths, including the large size of its cohort, the quantification of ED, outpatient, and inpatient services over 11 years, and the novel findings related to inpatient-associated diagnoses. However, our study also has several limitations. Due to the size of the dataset, we were unable to adjudicate the primary diagnosis for hospitalization. We were unable to capture veterans' pre-existing medical conditions, nor did we capture social and behavioral factors such as income, housing, amount/pattern of alcohol use, or intravenous drug use. In the model we were unable to control for length of time with HCV or HIV, nor could we examine risk related to calendar year across the entire study period. We were also unable to control for any subjects who may have received HCV therapy and cleared the infection during the study period. Future work should include capturing medical comorbidities as they relate to HCU and implementing policies that increase access to psychiatric care and limit the use of the ED for chronic care [30] .
CONCLUSIONS
Hepatitis C is a growing stress on the healthcare system, particularly affecting our nation's veterans. Coinfection with HIV exacerbates the morbidities of HCV. With the aging of the HCV cohort, understanding patterns of HCU in this population is critical. This study provides evidence that utilization of ED and outpatient services is growing among HCV-infected, HIV-infected, and coinfected veterans; that coinfected veterans are using healthcare services at higher rates than the other groups. Psychiatric disease, CVD, and non HIV-associated infection are the primary drivers of inpatient admission for all groups, emphasizing the importance of investing in mental health and primary care services for veterans. The emergence of effective HCV therapies may shift utilization patterns, and ongoing longitudinal follow-up is needed to understand utilization in an era where HCV cure is a possibility. Thoughtful healthcare planning, which incorporates our evolving knowledge of utilization patterns, will facilitate improved healthcare for US veterans.
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